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A STUDY OF SIMULTANEOUS SYMMETRICAL 
HAND MOTIONS
Introduction.—Most applied sciences have as their aim the util­
ization of the forces of nature for the benefit of man. This involves 
the direction of the efforts of many people. Since a great deal of 
this effort is expended in the form of manual labor, it is desirable 
to know how to apply effectively manual labor to attain a specific 
result with a minimum expenditure of effort. In the practical case, 
where some specific manual task must be accomplished, the de­
termination of the most effective means of doing it is a two-fold 
problem, requiring the ascertaining of the easiest sequence of 
motions to accomplish the task as well as the optimum physical 
conditions for all of the individual motions of which this selected 
sequence consists.
It has been found that all motions of the various members of 
the human body may be grouped under eighteen categories called 
therbligs. While the definitions for these eighteen categories are 
neither completely mutually exclusive nor elemental in the sense 
that they cannot be further subdivided, they are, however, suffici­
ently fundamental so that the effect of different physical conditions 
upon motions falling into any one classification may be evaluated. 
Prom this basic data,1 the optimum conditions under which the 
individual motions of a task should be performed may be determ­
ined. It was with the aim of providing information of this type 
that this research2 was undertaken.
Object.—In many cases, the overall effectiveness of the worker 
may be improved by arranging his workplace so that he can per­
form, with both hands, in a simultaneous symmetrical fashion, the 
therbligs of which the task consists.
This research was undertaken to evaluate the effect of the angle
iF o r other studies made in the Motion and Time Study Laboratory a t the 
U niversity  of Iowa see Bulletins Nos. 6, 12, and 16.
2A dissertation by Marvin E. Mundel submitted in partia l fulfillment of 
the requirements for the degree of Doctor of Philosophy, in the Department 
of Mechanical Engineering, in the Graduate College of the State University 
of Iowa, 1939.
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which the motion paths of the operator’s hands make with the plane 
of the front of the worker’s body upon the efficiency with which 
the worker moves his hands away from and towards his body in 
a simultaneous, symmetrical fashion.
Two different types of motions were studied: Part 1, where only 
the terminal points of the motions were fixed by the workplace, 
the operator directing his hands between them along a convenient 
path. (Such movements as these are made when the worker reaches 
across the workplace for material to bring it toward him to assemble, 
to inspect, or to perform some operation upon i t . ) ; and Part 2, 
where both the terminal points and the paths between them were 
fixed by the workplace. (Motions such as these are made by 
operators moving levers on machines.)
Equipment Used.—Part 1— (Only Terminal Points of Motions 
Fixed.)
In studying the motions where only the terminal points were 
fixed by the workplace (the operator directed his hands between 
them along a convenient path) the hands repeatedly performed a 
cycle which, for each hand, consisted of two use therbligs3 with a 
transport loaded and a positioning preceding each use.
The actual task consisted of sitting at a table (Fig. 1) and simul­
taneously carrying with each hand, an electrode made up of a one- 
sixteenth inch diameter copper rod set in a convenient wooden 
holder, (Fig. 1), back and forth between points on the workplace. 
These points were located symmetrically for the two hands, and 
the operator inserted these electrodes simultaneously into three- 
eighth inch holes in the metal plates on the workplace surface at 
these terminal points. The electrodes could only be inserted into 
the holes when a metal shield covering their underside was drawn 
back, this being done electrically to set a definite task rate for the 
operator to attempt to maintain, and to prevent the production 
over a given work spell from being merely a reflection of the parti­
cular mood of the operator. Symmetrically located holes opened 
and closed together. When the electrodes were inserted into a hole 
they made contact with copper plates one-quarter of an inch below 
the upper surface of the holes. The two electrodes were connected 
to the ends of a soft, flexible wire. When the electrodes were both 
touching their respective contact plates at the bottoms of a pair
3For definitions of therbligs see “ Motion and Time S tu d y ” , by Balph M. 
Barnes, John W iley & Sons, New York, 1937, p. 47.
http://ir.uiowa.edu/uisie/17
Fig. 1. P u rsu it board. A rrangem ent of the workplace when only the 
term inal points of the motions were fixed. The angle which the motion 
path  of each hand made w ith  the plane of the fron t of the opera to r’s body 
is shown in each of the four photographs. The circular insert shows a  close 
up of the operator inserting an electrode into the hole in an uncovered un it 
of the pursu it board.
of symmetrically located holes, they completed the circuit connect­
ing these two contact plates with an electrical counter which re­
corded the insertion. I t  is to be noted that this circuit arrangement, 
as shown in Fig. 2, which is a wiring diagram of the set-up for 
this phase of the experiment, necessitated the two electrodes being 
in contact with a pair of symmetrically located contact plates 
simultaneously. However, this did not require that the touching 
of the contact plates with the electrodes begin or end simultaneous­
ly. The time each hole was open was four-tenths of a second, this 
being somewhat longer than the actual time required to insert the 
electrode. This gave the operator some leeway in the performance 
of the task. The device used to close and open the circuits which
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CONTROLLER TO ELECTRICAL COUNTERS WORK PLACE
SET TASK RATE TO RECORD ACH IEVE­
MENT
Fig. 2. W iring diagram  of pursuit board and auxiliary equipment.
opened and closed the holes was driven by a synchronous motor to 
keep the required task constant.
The maximum number of insertions was 40 sets of 2 insertions 
with each hand, that is, 40 sets of 4 insertions per minute, pairs 
of insertions being made simultaneously with the two hands. The 
insertion was used as a terminal therblig in place of the grasp, or 
position and assemble, or hold which usually follows a transport, 
since the conditions surrounding the insertion or use could be kept 
absolutely constant and the affect of changing the angle made by 
the motion paths could be evaluated by itself.
With the electrical counters recording the number of pairs of 
insertions made, and with the number of insertions made, recorded 
each minute of the work spell, the number of cycles missed could 
be determined for each minute of the work. Since the maximum 
number of cycles that could be performed was always 1200 per 
half hour, the number of cycles missed is in inverse relationship 
to the production, or cycles completed. A large number of misses 
indicated a low production and a small number of misses indicated 
a large production. The number of cycles missed was used in 
preference to the number of cycles completed because in all cases 
this was a smaller figure, and provided simpler data.
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The four different arrangements of the workplace are shown in 
Fig. 1. Fig. 1-A shows the arrangement where the paths of the 
two hands each make an angle of approximately 90 degrees with 
the plane of the front of the operator’s body, Fig. 1-B where they 
each make an angle of 60 degrees, Fig. 1-C where they each make 
an angle of 30 degrees, and Fig. 1-D where they each make an 
angle of 0 degrees, all with the same reference plane. The distance 
between the two terminal points for each hand was always ten 
inches, measured between the centers of the holes into which the 
electrode was inserted. The apparatus used in this part of the 
study will hereafter be referred to as “ the pursuit board” .
Equipment Used.—Part 2— (Both Terminal Points and Paths 
of Motions Fixed.)
In studying the motions where both the terminal points and the 
paths of the hands were fixed, the operator was seated in the same 
position in front of a table of exactly the same height as in Part
1 of this study. However, here the motions consisted of pushing, 
simultaneously with both hands, carriages back and forth along 
fixed slides with fixed stops being so located on the slides that the 
hands terminated their motions in the same positions relative to 
the body of the worker as they did with the pursuit board. The 
two hands moved the carriages back and forth simultaneously and 
in a symmetrical fashion. Data were taken with the terminal 
points in the same positions as before, that is, as in the 90, 60, 30, 
and 0 degree positions with the pursuit board. Fig. 3 shows the 
operator working on the slides where each motion path makes an 
angle of 60 degrees with the plane of the front of the operator’s 
body. At each end of each slide there was a copper contact that 
was closed when the carriage came in contact with the stop. Through 
the electrical connections shown in Fig. 4 these contacts served to 
actuate solenoid operated pencils making lines on a strip of paper 
moving at a uniform velocity (31.9 inches per second) through 
an electrical recording kymograph. Whenever one of the contacts 
at either end of a slide was closed by the movement of the carriage, 
the solenoid operated pencil to which it was connected made a jog 
on the moving strip of paper passing through the kymograph. Fig. 
5 is a reproduction of one cycle of the record taken on the moving 
strip of paper. Line A of Fig. 5 was made by a solenoid operated 
pencil controlled by the contact on the left hand slide which was
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Fig. 3. Slides. Arrangem ent of the work place when both the term inal 
points and paths of the motions were fixed. Only one arrangem ent is shown 
—the motion pa th  of each of the opera to r’s hands makes an angle of 60 
degrees w ith the plane of the fron t of the opera to r’s body.
KYMOGRAPH WORK PLACE
Fig. 4. W iring diagram  of slides and auxiliary equipment.
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Pig. 5. Reproduction of record made from slides on paper passing under 
the solenoid operated pencils of the electrical recording kymograph.
closed when the carriage was at its nearest position to the operator. 
The first jog in line A was made by the carriage closing this con­
tact. When the carriage was pushed to its other extreme position 
on the slide, it closed the other contact on the slide, thus making 
the first jog on line C of the record. The jogs persisted as long 
as the carriage was at any extreme position. Line B was controlled 
by both the contacts on the right hand slide. The distance T, shown 
in Pig. 5, is a measure of the length of time required for one com­
plete cycle of motions on this set-up. This is the sum of the time 
required for the initial “ change direction” preparatory to the 
first transport loaded or movement away from the operator, the 
time for the actual movement, the subsequent “ change direction” 
at the other end of the slide, and the second transport loaded, or 
movement toward the operator which completed the cycle. The 
distance each carriage had to be moved for each transport was al­
ways ten inches. The apparatus used in this part of the study will 
hereafter be referred to simply as “ the slides” .
Procedure.— Part 1— (Only Terminal Points of Motions Fixed.)
Previous to working at the pursuit board, the operators were 
given the following instructions and explanation:
“ You are to hold an electrode in each hand and your task will 
be to insert the electrode into the holes on the surface of the work­
place when they are open, and touch, with the point of the electrode, 
the plate below the moving shield which now covers the underside 
of the holes. First, the two holes nearest you will open and you 
will insert the electrode that is in your right hand into the hole 
on the right hand side and the electrode that is in your left hand
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into the hole that is on the left hand side. Although you do not 
have to put the electrodes into the holes at exactly the same moment, 
nor take them out at exactly the same time, you must have them 
both simultaneously touching the contact plates which are exposed 
when the holes are open. You will try  to keep your hands working 
in as simultaneous a fashion as you can, because the holes will not 
be open very long and the insertion of only one of the electrodes 
into one of the holes is not doing the task. When you miss an 
insertion with either or both hands at either end of the paths you 
will keep both hands at those symmetrically located holes and wait 
for the next opportunity for insertion. You will then insert them 
and continue on. Never continue if you fail to make an insertion! 
Wait at that pair for the next chance! (The rest of the apparatus 
was shown to the operator and the operation of the control and the 
counting mechanism was explained to make more evident the nec­
essity for simultaneous motions.) Now, each time you work at 
this, before we start the actual work spell for which we will take 
data, you will be given a minute of practice, then a minute of rest, 
and then a minute warm-up followed without any pause by the 
half-hour work spell for which data will be taken. The task rate 
will always be the same, but, from work spell to work spell, we 
shall vary the physical pattern of the movements that are required. ’ ’ 
The operators all worked for twelve one-half hour work spells, 
the order of the different physical conditions of work being the 
same for all operators and was as follows:
Number of 
Work Spell
Angle which Motion P a th  of 
Each H and Made with Plane 
of F ront of Operator’s Body. 
(Angle in Degrees)
1
2
3
4
5
6 
7
90
60
30
0
0
30
60
90
90
60
30
0
8
9
10
11
12
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No operator worked more than one work spell per day, and they 
usually worked four work spells per week. The operator always 
worked at the same time of day, and no tests were run when an 
operator was tired or stiff from other activities. The ten operators 
used were all male college students.
Procedure.— Part 2— (Both Terminal Points and Paths of Mo­
tions Fixed.)
Within a day or two after an operator had finished these twelve 
work spells at the pursuit board, data were taken using this worker 
to operate the slides. Since the operator had had considerable 
training at making simultaneous symmetrical motions at the vari­
ous angles, having had an opportunity of performing 3,600 cycles 
of motions at each of the various angles, and since the angles with 
the slides were the same as with the pursuit board, it was not deemed 
necessary to give the operator a great deal of further training. 
Therefore, the operator being tested was allowed to practice mov­
ing the carriages back and forth for one minute at each of the 
four angles or tasks. Following this practice period, the operator 
practiced for one-half minute pushing the carriages back and forth 
at the 90 degree position as fast as he could and the data for the 
next 10 cycles were recorded. In a like manner data were taken 
at 60 degrees, 30 degrees, 0 degrees, again at 0 degrees, 30 degrees, 
60 degrees, and 90 degrees, all in that order. Throughout this 
part of the study the operators worked at their maximum rate so 
as to provide a single level of effort at which comparisons could 
be made of the relative amount of time required for a cycle under 
the various conditions or angles. A large amount of time for a 
cycle under a given set of conditions indicates a low rate of pro­
duction, and conversely, a small time per cycle indicates a high 
rate of production. I t  will be noted that an increase in the criterion 
of time per cycle indicates a falling off of production as does an 
increase of the number of cycles missed, which was the criterion 
in Part 1 of this study. The same ten operators that worked at 
the pursuit board were studied in this second part of the investi­
gation.
Results.—Part 1— (Only Terminal Points of Motions Fixed.)
The number of misses made by each operator each minute of 
each work spell are given in Tables IX  to X X  inclusive.
The five minute moving totals of the number of cycles missed
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by each operator during work spell No. 9 are given in Table I  and 
these are shown graphically with the group average five minute 
moving total of misses in Fig. 6. The five minute moving totals 
are indicated at the last minute of the work spell included in the 
moving total. These moving totals are constructed by adding the 
number of misses made during the first of the fifth minute inclusive, 
then from the second to the sixth minute inclusive, then from the 
third to the seventh minute inclusive, etc. The five minute moving 
totals are used instead of the number of cycles missed each minute 
since this method gives values based on five minutes which fluctuate 
less widely from value to value of the sequence, than the minute 
to minute values.
At the same time, the moving total gives a value at each minute 
from the fifth to the thirtieth, thus preserving the advantage of 
the minute to minute data which would be lost if merely discrete,
MINUTE OF WORK SPELL
Fig. 6. F ive minute moving to tals of the number of cycles missed when 
the path  of each hand made an angle of 90 degrees w ith  the plane of the 
fron t of the opera to r’s body. F ive minute moving to tals placed a t last 
m inute included in  to ta l. Only term inal points of motions fixed.
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successive five minute totals were plotted. A well defined trend 
of production curve, such as the moving total method yields, is use­
ful in determining the fatigue occasioned by the work, defining 
fatigue as the decrease in output due to previous activity.
The five minute moving totals of the number of cycles missed by 
each operator during work spell No. 10 are given in Table II  and 
these are shown graphically with the group average five minute 
moving total in Fig. 7. Similar data are shown for work spell No.
11 in Table I II  and Fig. 8, and for work spell No. 12 in Table IV 
and Fig. 9.
MINUTE OF WORK SPELL
Fig. 7. F ive minute moving to tals of the number of cycles missed when 
the path  of each hand made an angle of 60 degrees w ith  the plane of the 
fron t of the opera to r’s body. F ive m inute moving to tals placed a t last 
minute included in total. Only term inal points of motions fixed.
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MINUTE OF WORK SPELL
Fig. 8. F ive minute moving to tals of the  number of cycles missed when 
the path  of each hand made an angle of 30 degrees w ith  the plane of the 
fron t of the opera to r’s body. F ive minute moving to tals placed a t  last 
minute included in to tal. Only term inal points of motions fixed.
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MINUTE OF WORK SPELL
Fig. 9. F ive minute moving to ta ls  of the number of cycles missed when 
the pa th  of each hand made an angle of 0 degrees w ith  the plane of the 
fron t of the operator’s body. Five minute moving to tals placed a t  last 
minute included in to tal. Only term inal points of motions fixed.
The group average five minute moving totals of the number of 
cycles missed during work spells Nos. 1, 2, 3, and 4, and Nos. 9,
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MINUTE OF WORK SPELL
Fig. 10. Group averages of five minute moving to tals of the number of 
cycles missed during the last four work spells. The angle which the path  
of each hand made w ith  the plane of the fron t of the opera to r’s body is 
indicated on the curves. The stra igh t line trends indicated are those lines 
about which the sum of the squares of the deviations of the points on the 
five minute moving to tals are a t a minimum. Only term inal points of 
motions fixed.
10, 11, and 12, which are the first four and the last four work spells 
respectively, and the average total number of cycles missed are 
given in Table V. The straight line trends fitted to the groups 
average moving totals of the aforementioned eight work spells are 
given in Table YI. These straight line trends have been fitted to 
the moving totals by the method of least squares, and are those 
straight lines about which the sum of the squares of the deviations 
of the original points are at a minimum. The group average five 
minute moving totals actually represent the data taken, but these 
straight lines are the “ best estimate” of the trend that may be 
deduced from the data and expressed in simple form.
The group average five minute moving totals of the number of 
cycles missed during work spells Nos. 9, 10, 11, and 12, and the
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straight line trends fitted to these moving totals are presented 
graphically in Fig. 10. The straight line trends were fitted to give, 
in a simple form, the “ best possible estimate” of the rate of in­
crease of the number of cycles missed per minute, or an index of 
the fatigue rate, which in this case is the coefficient of X  in the 
straight line equations given in Table VI.
The total number of cycles missed by each operator during work 
spells Nos. 9, 10, 11, and 12, and the average number of cycles 
missed during each of these work spells is given in Table V II and 
presented graphically in Fig. 11 together with the group average.
The first eight work spells were given as practice for the operators 
(although they were not told this), in order to allow the operators
ANGLE WHICH MOTION PATHS MADE WITH 
FRONT OF BODY
Pig. 11. Total number of cycles missed by  each operator during each of 
the last four work spells. Only term inal points of motions fixed.
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to achieve their maximum skill or as close to it as possible, so that 
the data from the last four successive work spells would indicate 
the ease or difficulty of the different tasks rather than the increase 
in proficiency of the operator.
It is to be noted that, of the last four work spells, the operators 
made the least number of misses during the work spell where the 
paths of their hands each made an angle of 90 degrees with the 
plane of the front of their bodies, (work spell No. 9) although 
there were three more work spells after this, which would have been 
benefited by the additional practice gained during work spell No.
9 if it were possible for them to benefit. That is to say, the only 
possibility of error due to the order of the work spells is a possible 
minimizing of the apparent advantage of the arrangement of work 
spell No. 9 as compared to the other three arrangements.
Results.—Part 2— (Both Terminal Points and Paths of Motions 
Fixed.)
The time required for each of five consecutive cycles from each 
of the two runs at each of the four arrangements of the workplace 
for each of the ten operators when both the terminal points and 
the paths of the motions were fixed are given in Table XXI.
The average time required by each operator at each of the four 
different arrangements of the workplace for studying motions 
where both the terminal points and the paths of the motions are 
fixed, the total group average, the average of the fastest four opera­
tors of the group, and the average of the slowest six operators of 
the group are given in Table VIII. The results have been split 
in this fashion because the faster operators displayed distinctly 
different trends than the slower operators, and this split gave two 
more homogeneous groups.
The individual averages and the total group average, the fastest 
four operators’ group average, and the slowest six operators’ group 
average are presented graphically in Fig. 12.
Discussion of the Results.— Part 1— (Only Terminal Points of 
Motions Fixed.)
If we consider the total number of cycles missed during a work 
spell (See Table V II and Fig. 11) and if we take as 100%, the 
average number of cycles missed during work spell No. 12, (0 de­
grees), we note that the operators averaged only 93% of this num­
ber of misses when the angle involved was 30 degrees, only 66%
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when the angle was 60 degrees, and only 48% as many when the 
angle concerned was 90 degrees. However, the operators, in ref­
erence to the last four work spells from which this data comes, first 
worked with the 90 degree angle, then with the 60 degree angle, 
then with the 30 degree angle, and finally with the 0 degree angle,
ANGLE WHICH MOTION PATHS MADE WITH 
FRONT OF BODY
Fig. 12. Averages of time required by  each operator to make a complete 
cycle a t each, of the four arrangem ents, to ta l group average, average of 
fas te s t four operators, and average of slowest six operators. Both term inal 
points and paths of motions fixed.
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TABLE I 
RESULT SHEET
Only term inal points of motions fixed.
Five minute moving to tals of tlie number of cycles missed when the paths 
of the hands each made an angle of 90 degrees w ith  the plane of the fron t 
of the opera to r’s body.
W ork spell No. 9— O perators’ th ird  work spell a t th is arrangem ent.
Five minute moving to tals placed a t last m inute included in  total.
Minute of O perators’ Number
W ork Spell 1 2 3 4 5 6 7 8 9 10
5 14 9 10 13 26 2 20 16 30 31
6 13 9 13 12 32 4 19 13 34 31
7 11 6 13 15 37 9 19 16 38 31
8 15 8 14 13 36 9 17 16 36 33
9 15 6 12 10 42 10 20 17 32 31
10 17 10 12 10 39 13 19 15 33 30
11 19 12 13 11 38 14 23 18 27 32
12 20 12 14 9 39 13 25 17 26 31
13 19 9 16 9 42 16 28 19 24 25
14 22 10 19 13 44 17 29 18 28 25
15 19 9 20 14 49 14 31 20 28 30
16 20 8 21 13 48 11 34 18 30 29
17 22 10 18 16 48 12 32 16 24 30
18 25 14 15 17 48 11 32 17 27 35
19 20 14 14 21 47 11 32 16 22 39
20 26 13 19 18 46 12 31 14 18 36
21 21 13 16 22 53 15 28 17 15 38
22 18 15 17 18 57 13 27 18 17 38
23 18 12 16 17 53 13 26 18 14 40
24 25 12 15 15 52 13 21 16 15 37
25 20 9 12 18 56 17 18 22 21 40
26 23 10 11 15 52 19 19 24 23 40
27 26 7 11 17 51 20 21 25 26 41
28 25 6 15 20 54 20 20 26 26 38
29 19 8 15 16 57 21 24 29 24 36
30 20 9 15 20 52 19 25 27 20 30
so that if there were any additional learning or increase of skill 
of the operators during these last four work spells, the obtained 
differences of the average total number of cycles missed are too 
small rather than too large and the 90 degree angle is at least as 
superior to the others as indicated. In  other words, the operators
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TABLE II 
RESULT SHEET
Only term inal points of motions fixed.
F ive minute moving to tals of the number of cycles missed when th,e paths 
of the hands each made an  angle of 60 degrees w ith  the plane, of the fron t 
of the opera to r’s body.
W ork spell No. 10—O perators’ th ird  work spell a t  th is arrangement, 
F ive minute moving totals placed a t last minute included in total.
Minute of 
W ork Spell 1 2 3
O perators1 
4 5
’ Number 
6 7 8 9 10
5 8 7 10 18 38 28 38 22 15 23
6 6 9 9 22 44 25 40 22 22 28
7 9 10 11 21 43 21 42 18 32 31
8 14 12 15 24 44 25 38 17 30 31
9 15 12 16 25 44 28 43 14 39 35
10 16 14 23 22 42 28 41 9 41 37
11 20 14 34 27 38 33 35 12 37 38
12 20 13 38 27 35 35 33 14 30 35
13 18 11 42 25 39 34 40 14 27 37
14 25 13 45 25 40 30 38 17 21 37
15 29 15 48 27 39 33 36 19 22 37
16 29 13 38 23 39 31 44 17 30 35
17 28 20 38 22 49 33 42 16 34 42
18 25 24 33 20 46 31 39 17 38 43
19 17 23 30 19 44 30 40 17 42 42
20 15 21 31 19 44 30 40 18 40 42
21 13 21 40 18 46 30 37 21 37 37
22 19 17 48 21 43 31 44 23 40 30
23 27 17 52 22 45 29 51 21 41 30
24 32 16 56 24 48 36 50 . 22 39 29
25 31 16 53 25 54 38 53 21 43 30
26 36 18 47 23 65 37 59 23 45 34
27 29 18 38 20 70 33 56 23 39 38
28 31 14 34 21 82 34 54 25 44 35
29 30 16 29 25 82 27 59 25 48 39
30 35 18 24 23 81 18 64 30 48 38
tended to miss at least 29% less cycles in a given time when the 
paths of their hands each made an angle of 90 degrees with the 
plane of the front of their body, than at any other arrangement 
tested. It is also to be noted that this was the trend for all the
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TABLE I II  
RESULT SHEET
Only term inal points of motions fixed.
Five minute moving totals of the number of cycles missed when the paths 
of the hands each made an angle of 30 degrees w ith  the plane of the fron t 
of the operator’s body.
W ork spell No. 11—O perators’ th ird  work spell a t  th is arrangem ent. 
F ive minute moving totals placed a t last m inute included in  total.
Minute of O perators:’ Number
W ork Spell 1 2 3 4 5 6 7 8 9 10
5 16 10 20 30 60 32 40 59 45 38
6 13 12 18 33 64 31 42 54 44 41
7 14 17 16 31 72 35 41 54 42 41
8 15 17 21 35 77 33 36 48 49 38
9 ■15 26 19 35 84 33 39 48 49 40
10 16 27 24 33 92 38 42 42 45 42
11 17 26 25 33 91 36 44 . 49 56 41
12 20 26 22 33 97 34 48 55 57 47
13 22 31 16 27 87 38 47 58 58 51
14 22 28 16 24 70 38 42 55 63 52
15 30 26 10 26 64 38 49 59 61 49
16 25 34 14 25 66 40 49 52 54 51
17 28 34 17 26 52 36 46 46 55 48
18 30 30 24 29 53 33 54 48 53 47
19 31 31 27 27 60 38 52 53 51 44
20 27 38 28 27 56 37 50 51 59 47
21 29 36 25 28 57 40 47 51 59 42
22 28 36 33 27 67 46 51 59 63 42
23 26 39 32 23 69 46 49 67 64 44
24 34 36 29 23 70 41 53 61 68 42
25 28 36 30 24 78 44 49 62 77 42
26 31 33 30 24 73 43 54 75 88 46
27 26 33 23 26 75 38 53 72 93 46
28 26 35 23 33 74 38 57 62 98 45
29 16 39 25 42 75 42 62 67 98 49
30 23 36 27 45 69 40 69 70 94 48
operators and that the average value used is not a “ fictitious 
average”  but a good representation of the “ typical” case. Since 
the maximum number of cycles that could be performed was al­
ways 1200 per half hour, the fewer cycles missed, the greater the 
production.
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TABLE IV 
RESULT SHEET
Only term inal points of motions fixed.
Five minute moving to tals of the number of cycles missed when the paths 
of the hands each made an angle of 0 degrees w ith the plane of the fron t 
of the opera to r’s body.
Work spell No. 12—O perators’ th ird  work spell a t th is arrangement. 
Five minute moving to tals placed a t last m inute included in total.
Minute of O perators1' Number
W ork Spell 1 2 3 4 5 6 7 8 9 10
5 26 24 33 37 46 14 42 40 91 29
6 24 28 38 34 37 13 45 34 91 32
7 28 26 44 36 42 15 44 30 80 35
8 28 28 43 37 43 14 49 32 65 38
9 23 28 45 37 53 14 48 31 60 41
10 26 30 47 35 55 22 52 32 73 42
11 28 28 50 37 57 25 52 41 68 38
12 29 31 52 32 56 28 49 54 71 43
13 32 29 57 29 60 29 52 55 72 44
14 34 24 63 28 60 33 57 58 73 40
15 34 24 60 27 62 30 48 63 62 44
16 39 24 52 25 64 27 49 60 65 52
17 41 23 51 26 68 25 49 54 60 50
18 38 26 49 33 71 26 51 54 62 45
19 35 31 43 32 69 23 44 52 70 48
20 34 34 41 32 72 19 45 52 74 49
21 33 31 46 35 76 21 43 57 76 49
22 35 32 48 34 79 24 45 54 82 49
23 30 32 48 26 80 22 41 53 91 51
24 32 33 45 26 88 27 47 56 88 53
25 35 31 48 32 86 28 48 64 87 55
26 34 34 49 32 83 28 52 68 87 52
27 29 33 39 31 86 24 46 77 96 58
28 35 33 36 37 80 31 46 84 93 60
29 34 32 42 36 81 28 46 82 93 60
30 29 32 45 35 86 28 48 79 90 62
The individual five minute moving totals of the number of cycles 
missed during each of the last four work spells have been presented 
graphically on identical scales in Figs, 6, 7, 8, and 9, so that it may 
be noted that the group average five minute moving totals are 
actually a fair representation of the general trend although there
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TABLE Y 
SUMMARY RESULT SHEET
Only term inal points of motions fixed.
Group average five minute moving to ta ls and average to tals of the number 
of cycles missed during work spells Nos. 1, 2, 3, 4, 9, 10, 11, and 12. (Based 
on ten  operators.)
Five minute moving to ta l placed a t  last minute included in total.
Minute of 
W ork Spell 1 2
Number of W ork Spell 
3 4 9 10 11 12
5 50.1 49.9 62.3 58.4 17.1 20.7 35.0 38.2
6 52.0 51.7 64.8 60.0 18.0 22.7 35.2 37.6
7 55.1 56.3 62.2 62.3 19.5 23.8 36.3 38.0
8 56.5 57.4 61.6 64.2 19.7 25.0 36.8 37.7
9 55.9 57.7 61.0 66.2 19.5 27.1 38.8 38.0
10 55.9 58.6 60.2 66.5 19.8 27.3 40.1 41.4
11 53.6 57.8 60.3 68.6 20.7 28.8 41.8 42.4
12 52.0 54.6 64.0 68.4 20.6 28.0 43.9 44.5
13 50.5 54.0 66.5 69.1 20.7 28.7 43.5 45.9
14 50.5 54.3 68.0 67.3 22.5 29.1 41.0 47.0
15 52.4 53.0 68.8 67.8 23.4 30.5 41.2 45.4
16 53.2 54.2 67.4 66.3 23.2 29.9 41.0 45.7
17 53.0 56.9 68.5 65.7 22.8 32.4 38.8 44.7
18 55.1 59.1 69.0 66.6 24.1 31.6 40.1 45.5
19 53.9 59.1 69.6 67.7 23.6 30.4 41.4 44.7
20 53.8 61.1 69.6 68.1 23.3 30.0 42.0 45.2
21 55.3 61.6 71.2 70.3 23.8 30.0 41.4 46.7
22 55.3 64.3 69.2 71.2 23.8 31.6 45.2 48.2
23 55.1 66.9 68.2 69.1 22.7 33.5 45.9 47.4
24 58.5 69.0 68.4 71.6 22.1 35.2 45.7 49.5
25 56.6 69.7 69.5 72.2 23.3 36.4 47.0 51.4
26 57.5 69.4 68.8 71.4 23.6 38.7 49.7 51.9
27 57.2 67.3 70.0 71.9 24.5 36.4 48.5 51.9
28 56.7 65.5 70.3 72.6 25.0 37.4 49.1 53.5
29 55.1 64.0 70.7 70.8 24.9 38.0 51.5 53.4
30 56.4 63.5 71.0 72.8 23.7 37.9 52.1 53.4
Average to tal
number of 
cycles missed
325.2 355.8 401.4 405.8 130.6 182.8 257.4 275.
is considerable individual variation. However, it may be seen 
that the area covered by the individual curves has tended to occupy 
a different portion of the curve sheet in each of the four cases
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TABLE VI
Only term inal points of motions fixed.
Equations of stra igh t line trends fo r the first four and for the last four 
work spells. The stra igh t lines are those about which the sum of the 
squares of the deviations of the points on the group average five minute 
moving totals, to which they were fitted, are a t a minimum.
The units of Y are cycles missed.
The units of X  are minutes of work spell.
Number of 
W ork Spell
Angle Which Paths 
of H ands Made w ith  
Plane of F ron t of 
O pera tor’s Body
Equation of 
S tra igh t Line
Fatigue
Index*
1 90 Y =  51.5 +  .170X .170
2 60 Y =  48.8 +  .633X .633
3 30 Y =  60.0 +  .398X .398
4 0 Y =  60.6 +  .423X .423
9 90 Y =  17.8 +  .250X .250
10 60 Y =  20.1 +  .612X .612
11 30 Y =  32.8 +  .574X .574
12 0 Y =  34.6 +  .638X .638
* The fatigue index is the slope of the stra igh t line. This is the ra te  of 
increase of Y in relation to X and is the increase in the number of cycles 
missed per minute, per minute of the work spell. Defining fatigue as a 
decrease in ou tput due to previous work th is  index is a measure of the 
fatigue of the operator a t the different tasks.
and also that the individual curves tended to follow the general 
trend indicated by the group average five minute moving total of 
the number of cycles missed.
The slope of the fitted straight line in each of the last three work 
spells is greater than that for work spell No. 9, where the paths 
of the hands made an angle of 90 degrees with the plane of the 
front of the operator’s body. However, of the four slopes of the 
straight lines fitted to the group average five minute moving totals 
of the number of cycles missed during the last four work spells, 
three of them are higher than the slope of the fitted straight line 
for the corresponding work spell of the first four work spells, (see 
Table VI). This indicates that the learning or increase of pro­
ficiency, denoted by the decrease in the total number of cycles
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TABLE VII 
RESULT SHEET
Only term inal points of motions fixed.
Total number of cycles missed by eacli operator during each of the last four 
w ork spells. The average for all the operators is also given.
O perator’s
Number
W ork Spell Number, and Angle Which P a th  of 
H and Made W ith  P lane of F ron t of O perator’s
Each
Body
No. 9—90° No. 10—60° No. 11—30° No 12—0°
1 116 134 140 184
2 59 91 173 175
3 88 189 139 274
4 93 134 185 198
5 268 298 419 407
6 77 175 229 141
7 144 272 299 283
8 114 119 343 330
9 150 209 381 477
10 197 207 266 281
Average 130.6 182.8 257.4 275.0
missed (see Table Y), in this case tends to increase the rate of 
fatigue probably because, in the later work spells of the experiment­
al series, the operator became able to exert himself more by being 
able to avoid the frequent waits occasioned by misses. That is to 
say, if any additional learning other than that gained during the 
first eight work spells, was gained during the last four work spells, 
the difference between the fatigue rates for the 90 degree work 
spell and the other three arrangements as inferred from the last 
four work spells is maximized. However, the fatigue rate for the 
last work spell where the paths of the hands made an angle of 
90 degrees with the plane of the front of the operators’ bodies, 
(work spell No. 9), is still lower than the fatigue rates for the 
other angles even when compared to the fatigue rates obtained 
with the other angles during work spells Nos. 2, 3, and 4, which 
took place prior to work spell No. 9. The rate of fatigue incurred 
when the paths of the hands made an angle of 90 degrees with the 
plane of the front of the operators’ bodies (work spell No. 9) is 
39% lower than the lowest average fatigue rate observed for any
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TABLE V III 
RESULT SHEET
Both term inal points and paths of motions fixed.
Average time required by  each operator to perform one cycle of motions— 
to ta l group average—average of fas te s t four operators—average of slowest 
six operators.
Time in thousandths of a second.
O pera tor’s
Number
O perator’s 
B ank in 
Speed*
Angle in Degrees W hich P a th  of 
Made W ith  the P lane of the 
of the O perator’s Body
oach Hand 
F ront
90 60 30 0
1 1 258.3 258.6 255.2 252.5
2 4 299.1 307.2 268.4 315.7
3 5 313.1 276.7 292.4 320.4
4 7 316.1 305.1 326.7 330.4
5 9 355.1 327.9 340.4 366.9
6 6 273.0 266.3 331.6 377.8
7 3 299.2 297.1 271.4 259.5
8 8 318.5 293.7 337.2 389.8
9 2 305.2 262.3 256.5 239.7
10 10 361.9 347.6 336.6 371.7
Total group average 310 294 302 322
P er cent of minimum 105 100 103 109
Group average for
fas test four operators 290 281 288 267
P er cent of minimum 109 105 108 100
Group average for
slowest six operators 323 303 311 360
P er cent of minimum 107 100 103 119
* On the basis of the average time required a t the four different arrange­
ments.
of the aforementioned preceding three work spells. It is to be 
noted that the fatigue rate for work spell No. 9 has been subjected 
to the maximizing affect of the considerable intervening practice, 
indicating that the physical arrangement of the task of work spell 
No. 9 is at least 39% less fatiguing than any of the other arrange­
ments of the work place.
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RESULT SHEET
O nly t e r m i n a l  p o i n t s  o f  m o t io n s  f i x e d .
Number o f  c y c l e s  m is se d  by each  o p e r a t o r  each  m in u te  o f  work s p e l l .
TABLE IX -  Work s p e l l  No. 1 -  M otion p a t h s  made 90 d e g r e e  a n g le  w i th  f r o n t  o f  body.
M in u te  o f  Work S p e l l
No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 T o ta l
1 8 12 14 11 7 10 5 9 6 10 7 12 10 9 8 4 11 13 8 9 8 6 9 10 7 2? 1 8 11 9 2752 3 8 1 8 6 12 12 8 8 2 8 9 5 6 10 5 9 8 9 12 6 9 8 8 5 14 5 6 6 ? 223
6 2 6 5 4 7 7 5 6 3 4 6 4 6 6 5 5 6 5 6 7 4 5 6 4 4 7 7 4 1574 8 6 17 6 7 7 17 14 10 10 7 12 9 12 9 14 10 12 9 14 16 7 15 17 16 13 17 18 17 16 362
1 10 9 7 8 4 12 17 11 11 8 13 17 15 I «  20 14 12 15 10 17 16 14 14 17 12 19 13 8 20 13 394
0 9 12 8 12 14 16 10 9 11 15 12 11 10 10 13 11 8 12 14 10 10 11 11 13 8 5 16 13 8 10 332
7 17 10 17 15 19 17 17 20 14 18 13 11 12 19 22 8 19 13 14 21 18 20 21 19 19 16 20 13 20 497
8 16 7 11 19 15 13 10 13 10 12 12 7 14 8 14 7 16 12 9 13
9
11 15 11 16 6 10 15 12 6 9 349
9 11 12 9 16 11 14 15 12 10 9 11 12 9 10 10 13 7 6 13 8 11 11 10 12 3 8 10 10 317
10 12 14 9 U 12 11 13 12 14 11 11 11 7 8 13 12 13 16 9 14 12 10 14 9 11 9 12 12 13 11 346
TABLE X -  Work s p e l l  No. 2 -  M otion p a th s  made 60 d e g r e e  a n g le  w i th  f r o n t  o f  body.
Op. No . 1 2 ? 4 6 7 8 9 10 11 12 1? 14 15 16 17 18 20 21 2? 2? 24 2e? 26 27 28 29 7° T o ta l
1 13 11 11 17 10 11 12 17 16 13 8 7 4 5 8 12 11 11 13 14 2 11. 14 11 8 8 8 8 9 12 315
2 8 b 9 11 ( 9 14 9 8 5 6 9 « 10 4 I 7 15 9 1? 1 1 13 10 13 4 lb -\? 14 I? I 283
¡5 2 5 4 4 b 7 5 5 7 7 7 5 4 4 4 9 7 b 3 b 7 5 4 5 4 4 10 6 b b 162
4 4 10 8 t 8 6 13 7 l ? 11 11 b 14 19 9 13 8 15 9 9 7 9 13 b b 10 l b 2 5 9 282
■? l b 10 10 15 19 lb 2Î 1? 14 19 15 19 18 25 28 lb 2b 23 21 25 28 4o 21 35 30 21 24 2b 19 24 644
6 14 8 14 / 12 15 10 9 8 9 9 b 5 s> 9 15 b 4 9 14 19 18 20 22 19 12 9 11 15 1 / 348
7 9 15 11 12 13 15 15 15 lb 1 / 15 15 9 15 11 u 20 lb l b 12 15 15 1.4 12 18 Lb 15 19 21 lb h 18 15 4 8 15 12 15 15 12 19 15 14 15 15 15 22 14 lb 12 15 15 1 / 20 23
7
15 21 lb 15 22 20 20 46o
9 8 8 / 9 12 10 1 1 6 4 / 5 b 8 2 4 8 9 b b / 5 9 5 12 5 8 5 b / 208
10 10 9 11 l4 15 17 14 12 10 20 19 12 15 15 11 14 15 14 l b lb 17 l 4 14 l b 15 15 14 15 12 14 425
TABLE XI -  Work S p e l l  No. 3 “ M otion p a th s  made 30 d e g r e e  a n g le  w ith  f r o n t  o f  body.
OuNo. 1 2 7 4 6 7 8 9 10 11 12 1? 14 15 16 17 18 19 20 21 22 23 ?4 2*? 26 27 28 29 70 T o ta l
1 5 15 15 6 8 9 7 8 6 8 9 14 14 9 10 8 13 1? 11 5 7 8 10 1? 8 10 12 10 10 11 290
2 10 11 18 14 12 18 4 10 7 11 l4 15 12 I 7 10 14 11 10 7 7 3 1.0 12 8 5 12 8 8 15 308
> 12 20 lb 12 i i 9 8 1 / 11 9 9 / 15 11 15 11 1,5 14 10 18 11 18 12 10 10 10 10 11 11 15 36O
/ b 9 11 15 15 / 9 l4 8 / 12 14 LO 14 14 15 n 1 1 1? 12 1 1 12 14 Lb 15 LL 12 10 334
5 lb l b 4 i4 lb 18 b 10 11 20 2b 25 27 21 17 13 18 14 19 l b 19 20 ?4 25 ?4 17 20 20 22 23 541
6 8 b 1,5 lb 11 10 7 12 11 11 15 9 8 5 5 10 13 14 12 10 14 15 13 11 13 12 11 11 17 4 330
7 15 20 14 12 Lb l b 15 14 19 LO l4 20 20 2? 19 19 19 25 19 19 2? 22 20 1 f 17 20 18 25 Lb 21 539
8 15 10 10 19 18 21 17 12 2b lb 21 1 / 18 lb 20 12 20 20 19 20 19 b 15 l b 19 lb 19 20 20 15 512
9 1L 9 1U LI 12 10 1 ! 10 10 q I b 8 9 15 1 8 b 1 1 t 6 10 7 11 7 b 8 10 10 8 272
10 12 1 / 17 13 lb 10 lb 19 10 15 16 21 12 21 17 19 20 22 19 18 22 18 17 17 22 20 21 18 21 22 528
TABLE X II - Work !3 p e l l  No. 4 -• M otion  1p a th s  made 0 d e g r e e  angl< Lth f r o n t of body.
Oo. No. 1 2 3 4 5 6 7 8 10 11 12 1? 14 16 17 18 20 21 22 2} 24 25 26 2.Z 28 29 T o ta l
1 14 10 8 9 13 10 14 10 16 8 12 6 7 6 8 11 8 11 13 13 12 8 11 14 12 9 15 17 19 10 33^
2 9 13 9 13 13 12 17 11 13 14 8 12 13 5 11 13 10 17 11 17 15 13 13 8 16 11 18 6 14 lit3 l b  13 19 18 19 22 15 21 19 15 22 16 14 10 14 9 16 16 19 13 19 17 18 17 16 20 16 11 15 174 12 7 3 4 6 8 7 9 13 13 8 9 6 15 10 6 14 12 13 20 12 14 23 9 ? 11 13 18 13 m5 10 16 20 24 16 18 20 23 20 19 21 25 27 32
?
30 28 17 20 16 21 24 19 14 17 26 24 25 17 23 24
6 6 9 10 8 11 12 13 12 12 13 10 11 11 10 10 11 10 10 11 8 6 10 9 10 13 ? 13 10 16
7 17 13 12 16 15 14 10 14 17 14 20 16 14 14 11 10 13 19 19 8 12 18 10 17 18 18 14 11 8 24
8 12
■ 13 9 19 15 14 9 10 18 17 i s  18 15 16 23 17 16 12 19 14 15 11 18 18 14 15 15 17 19 “ 55
9 7 7 10 7 7 10 10 7 10 8 12 4 10 6 9 6 11 13 5 12 12 13 10 15 6 6 8 7 7 14 269
10 10 14 10 10 11 10 13 19 12 9 15 16 17 17 12 15 17 13 14 13 21 14 17 18 16 20 16 13 15 15 432
TABLE X I I I  -  Work' S p e l l  No. 5 ~ M otion p a t h s  made 0 d e g r e e  a n g le  w i th  f r o n t  o f  body.
Op. No . 1 2 7 4 *? 6 7 8 9 10 11 12 1 ? 14 l 5 16 17 18 1? 20 21 22 2} 24 2*? 26 27 28 29 30 T o ta l
1 10 11 6 12 8 11 7 16 13
?
6 12 8 12 c 10 11 9 10 4 6 3 7 8 10 10 9 8 6 6 8 262
2 10 4 7 7 8 ? 11 ? 8 11 9 9 4 10 12 10 8 9 10 14 11 9 10 11 9 10 12 10 11 281
3 7 11 6 10 12 14 8 14 14 12 12 13 11 13 14 13 13 13 17 13 11 16 15 13 10 13 18 13 20 21 3904 13 10 10 11 6 10 11 11 5 9 5 5 18 14 9 9 8 6 11 13 20 10 15 11 ? 11 13 14 14 13 324
8 18 30 28 22 20 23 17 26 26 31 32 28 23 16 20 27 28 28 28 24 31 34 29 30 28 31 34 764
0 3 2 6 10 2 9 4 9 7 7 12 13 9 9 7 15 12 10 11 8 16 TO 7 7 7 7 10 10 15 11 265
7 1 5 15 11 10 12 16 17 14 11 16 11 12 16 10 8 14 10 13 9 20 ? 15 14 13 13 12 16 11 369
8 4 7 17 14 12 9 14 11 18 13 17 10 17 17 14 17 12 12 14 15 15 11 4 15 12 9 14 14 16 9 383
9 11 7 10 8 10 9 9 12 16 15 16 10 14 9 3 10 12 7 9 12 3 9 6 9 7 9 9 9 9 11 290
10 13 10 11 10 15 6 9 15 9 9 9 14 17 15 9 15 16 18 18 15 15 15 11 18 14 13 14 14 17 23 407
TABLE XIV -  Work S p e l l  No. 6 -  M otion p a th s  made 30 d e g r e e  a n g le  w ith  f r o n t  o f  body.
Op-No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 T o ta l
1 3 7  7 6 5 5 8 2  16 9 3 7  5 7 3 7  10 10 U U  12 8 6 9 8 7 8  11 10 8 215
2 7 5 6 6 8 8 7 7 8 8 9 3 4 5 11 10 10 10 8 13 10 8 6 9 8 10 11 9 6 3 233
3 21 15 6 6 6 8 10 9 7 9 9 10 8 9 9 7 7 12 8 3 1 0 ' 8 6 l o  10 i o  1U 17 9 10 2S3
4 3 9 10 8 8 4 6 13 10 10 7 10 11 6 9 11 13 9 10 9 14 8 17 12 9 5 14 7 & 12 278
5 ? 19 18 11 9 20 19 26 9 15 21 12 12 10 17 15 16 14 12 l 4  21 14 19 13 11 18 16 12 17 17 456
6 4 6 5 7 9 10 11 7 9 7 6 6 7 7 9 7 s  7 7 13 12 8 11 9 9 7 10 8 10 10 246
7 10 11 14 12 l 4  17 15 16 16 16 11 11 15 17 16 12 17 16 19 17 17 17 13 23 20 14 16 15 19 22 468
8 10 11 7 10 10 6 7 9 12 11 8 10 10 10 6 14 12 12 12 6 15 13 11 6 10 10 17 10 14 l 6 315
9 2 5 2 6 7 6 4 6 8 9 7 7 5 5  12 8 6 8  10 3 14 7 10 10 5 7  10 8 4 7  20s
10 3 16 14 17 11 17 20 23 16 17 17 20 22 19 22 19 22 18 12 19 19 15 14 14 16 13 15 13 16 19 498
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RESULT SHEET
Only t e r m i n a l  p o i n t s  o f  m o t io n s  f i x e d .
Number o f  c y c l e s  m is se d  by  each  o p e r a t o r  ea c h  m in u te  o f  work s p e l l .
TABLE XV- Work S p e l l  No. 7 -  M otion  p a t h s  made 60 d e g r e e  a n g le  w i th  f r o n t  o f  b o d y . .
O p e r- M inu te  o f  Work S p e l l
No. 1 2 3 it 5 6 7 8 9 10 11 12 13 1* 15 16 17 18 19 20 21 22 23 2* 25 26 27 28 29  30 T o ta l
1 7 2 2 6 6 5 3 8 10 6 11 5 6 7 5 1 0  7 10 5 9 8 4 6 8 i + l l 3 4 4 5 187
2 5 10 2 9 6 4 5 9 4 6 8 8 3 3 5 6 3 3 7 5  3 6 6 3 9 1 6 1 6 7 157
) 0 i 2 4 - 1 0 2 2 3 3 1 6 3 2 3 3 3 2 3 6 5 ^ ^ 6 3 5 4 5 5 4 93
4 1 7 3 i o 3 2 5 5 4 4 4 4 9 9 9 9  10 9 7 8  10 2 6 6 4 4 9 8 188
b 6 8 11 11 11 9 1* 13 17 15 11 14 14 16 18 20 17 14 11 14 10 12 15 13 12 18 15 1* 14 402
6 9 b b 7 6 * 8 10 10 6 7  10 7 ^ 7 7 7 2 5 4 5 3 2 3 3 5 / It- 4 12 188
7 5 I l 8 11 11 9 8 10 0 12 11 8 8 12 9 4 11 10 9 6 8 10 8 8 10 10 4 10 8 244
8 12 19 10 10 5 6 It. 5 6 7 7 9 2 4 8 12 11 9 10 9 6 8 5 12 14 6 11 12 13 7 259
9 5 5 3 3 t  5 8 6 5 3 5 . 7 1 * 5 8 5 1 * 3 7 4 4 6 5 5 5 3 6 8 9 5 153
10 6 12 / 9 8 11 18 15 16 15 11 15 8 15 17 l k  15 k  9 9 9 10 8 14 10 12  12 14 15 10 348
TABLE XVI Work S p e l l  No. 8 -  M otion p a t h s  made 90 d e g r e e  a n g le  w i th  f r o n t  o f  body,
Op.No. 1 2 3 4 5 6 7 8 9 10 11 12 13 lU- 15 16 17 IS  19 20 21 22 23 24 25 26 27 28 29  30 T o ta l
1 8 1 2 3 2 5 ? 3 3 3 6 5 5 3 11 1 8 7 4 7 3 7 5 12 1 6 2 5 2 8 l4 o
2 3 i 1 ? 3 3 0 0 7 4 0 3 4 b b 3 4 5 4 8 b 4 b 2 0 / 2 b 2 107
3 ? ? ? ? ? 4 P 4 7 9 6 ? 8 ? 3 5 7 4 ? 4 4 3
*  i
4 b 4 8 4 !2 7
4 6 6 10 3 3 4 ? 1 7 11 9 6 b 5 3 b 4 8 7 3 4 3 8 7 I 4 b b 163
5 4 3 5 7 5 9 8 8 6 8 9 8
V I
15 10 11 1? 12 b 11 LO 11 LO 1 L 17 13 V 9 10 275
6 ?. 1 ? ? ? 8 3 6 2 5 k 4 3 8 5 8 4 b 10 11 3 7 5 b 8 b 10 8 !7 1
7 10 b 9 12 8 7 9 6 5 7 11 8 10 11 10 9 10 15 13 1 /  11 5 10 13 lb 8 b 11 9 b 286
8 1 1 1 3 3 ? 1 3 2 0 1 1 1 1 2 ? 2 I 5 2 2 1 1 1 2 0
i i i9 ? 3 5 3 2 3 3 ? 3 4 5 4 4 2 2 7 4 b 4 5 k b 4 5 b 4 i 2 b i
10 7 8 9 9 11 4 1* 1 11 10 11 9 7 5 7 10 8 5 8 11 13 11 8 10 8 9 11 10 11 10 272
TABLE XVII -  Work S p e l l  No. 9 -  M otion  p a t h s  made 90 d e g r e e  a n g le  w i th  f r o n t  o f  body.
Op.No. 1 2 3 1» 5 6 7 8 9 10 11 12 13 !**■ 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 T o ta l
1 3 4 0 4 3 2 2 4 4 ‘j 4 3 3 7 2 5 5 6 2 8 0 2 6 9 3 5 5 3 4 116
2 1 5 2 ? I 1 0 4 0 *> 3 0 1 1 4 2 2 *» 1 i 2 4 2 1 0 5 1 1 l 59
3 0 4 2 4 0 3 4 3 2 0 4 *> 4 1 b 2 2 4 b 2 5 1 5 1 5 5 5 88
4 4 0 4 3 ? 3 3 2 0 p 4 ] ? 4 3 3 4 3 8 0 7 0 2 b 3 4 2 2 I 95
*> 2 4 8 3 9 8 9 7 9 b 7 10 10 11 11 6 10 10 10 10 13 14 b 9 l k 9 1.5 9 12 9 2b8
b 0 0 1 1 0 ? S 1 2 3 3 4 4 3 0 0 5 5 3 1 3 5 3 5 *> 5 * 3 4 i i i i7 ? 4 5 4 5 1 k 3 7 5 b b 8 b 8 4 b 8 5 S 3 5 5 2 b •> 4 / i
8 5 3 1 4 3 ? b 1 *>. 1 5 5 3 4 3 3 3 4 3 1 b 4 4 1 7 8 5 4 b 114
9 b 4 8 8 4 10 8 b 5 4 7 4 8 5 6 1 7 3 1 3 3 4 4 7 *> 6 1+ 2 i 150
10 5 6 7 8 5 5 b 9 b 4 7 5 3 b 9 6 b 8 10 b 8 b 10 / 9 8 / / 5 3 1 9 /
TABLE XVIII -  Work S p e l l  No. 10 -  M otion  p a t h s  made 60 d e g r e e  a n g le  w i th  f r o n t  o f  body.
Op .N o. 1 2 3 k  5 6 7 S 9 10 11 12 13 1*+ 15 16 17 18 19 20 21 22 23 2k  25 26 27 28 29 30 T o ta l
1 3 2 1 l 1 l 5 6 2 2 5 5 4 9 6 5 4 1 l 4 3 10 9 6 3 8 3 11 5 8 13*
2 2 0 1 3 1 4 1 3 3 3 4 0 1 5 5 2 7 5 4 3 2 3 5 3 3 4 3 1 5 I
91
3 3 0 2 4 l 2 2 6 5 8 13 6 10 8 11 3 6 5 5 12 12 14 9 9 9 6 5 189
4 0 5 4 4 5 4 4 7 5 2 9 4 5 5 4 3 3 3 4 4 4 6 4 6 5 2 3. 5 10 3 13*
5 6 8 4 10 10 12 7 5 10 8 8 4 9 11 7 6 14 6 9 7 10 11 8 12 13 21 16 20 12 12 298
6 6 7 3 6 6 3 3 7 9 6 8 5 6 5 9 6 7 4 4 9 6 8 2 11 11 5 4 3 4 2 175
7 6 7 9 5 11 8 9 5 10 9 2 7 12 8 7 10 5 9 9 7 7 12 16 8 10 13 9 14 13 15 272
8 1 6 5 4 6 1 2 4 1 l 4 4 4 3 2 3 5 4 4 5 5 3 5 3 7 5 5 8 119
9 l 2 7 2 3 8 12 5 11 5 4 5 2 5 6 12 9 6 9 4 9 12 7 7 8 11 6 12 11 8 209
10 4 5 5 3 6 9 8 5 7 8 10 5 7 7 8 8 12 8 6 8 3 5 8 5 9 7 9 5 9 8 207
TABLE XIX -  Work S p e l l  No. 11 -  M otion  p a t h s  made 30 d e g r e e  a n g le  w i th  f r o n t  o f  b o d y .
Op.No. 1 2 3 4 5 6 7 8 9 10 11 12 13 I k  15 16 17 18 19 20 21 22 23 2k  25 26 27 28 29 30 T o ta l
1 8 i ? 3 ? 5 P 3 3 3 6 5 5 3 11 1 8 7 4 7 3 7 5 12 1 •6 2 5 2 8 1402 1 1 3 3 ? 3 b 3 1? 3 2 b 8 9 1 LO b 4 10 8 8 6 t 1 8 5 b 9 l l 5 1 /5
3 4 b 2 5 3 2 k 7 3 8 3 1 1 3 2 / 4 8 b 5 4 12 / 3 4 5 t  b 6 159
1+ 4 7 6 7 b 7 b 10 7 4 I *> 4 4 b b b I 2 b /  4 3 2 1 7 10 11 10 185
5 13 5 15 15 12 17 13 ?o 22 20 lb 19 10 14 18 5 11 12 10 19 15 13 13 18 14 17 12 14 12 419
6 8 b K 7 3 7 10 b 7 8 5 8 10 7 8 7 1+ I 12 7 10 10 / /  10 9 b 1 Ü 8 229
7 7 7 l l  10 5 9 b 6 13 8 11 10 5 8 15 11 7 13 6 13 8 11 11 10 9 15 10 15 15 l b ‘¿99
8 11 8 13 12 15 b 8 b 13 9 13 14 9 10 13 b 8 11 15 ll. 6 16 19 9 12 19 15 9 14 15 5*5
9 7 9 b 9 111 b 7 13 9 10 17 8 i l l 14 8 10 9 12 12 16 10 13 13 16 25 21 18 18 16 21 581
10 6 7 8 8 9 9 7 5 10 11 8 13 9 11 8 10 10 8 8 11 5 10 10 b 11 9 10 9 10 10 266
TABLE XX -  Work S p e l l  No. 12 -  M otion p a t h s  made 0 d e g r e e  a n g le  w i th  f r o n t  o f  b o dy .
Op .N o,, 1 2 3 4 5 6 7 8 9 10 11 12 13 1* 15 16 17 18 1? 20 21 22 23 24 25 26 27 28 2? 30 T o ta l
1 4 2 7 10 3 2 6 7 5 6 4 7 10 7 6 9 9 7 4 5 8 11 2 6 8 7 6 8 5 3 184
2 5 6 3 7 3 9 4 5 7 5 7 7 3 2 5 7 6 6 7 8 4 7 6 8 6 7 6 6 7 6 175
3 5 4 8 7 9 10 10 7 9 11 13 12 12 15 8 5 11 10 9 6 10 13 10 6 9 11 3 7 12 12 274
4 9 7 6 7 8 6 9 7 7 6 8 4 4 6 5 6 5 11 5 5 9 4 3 5 11 9 3 9 4 10 198
5 19 5 Q 3 10 10  10 10 13 12 12 9 14 13 14 14 13 17 11 17 18 16 18 19 15 15 19 12 20 20 407
6 5 •1 * 2 2 4 3 3 2 10 7 6 4 6 7 4 4 5 3 3 6 7 3 8 6 3 10 5 4 l 4 l
7 6 12 3 10 11 9 11 8 9 15 9 8 11 14 6 10 8 13 7 7 8 10 9 13 8 12 4 9 13 10 283
8 8 9 8 10 5 2 :10 9 6 11 18 11 12 11 8 12 11 10 11 13 9 10 13 19 17 18 17 11 16 33°
9 16 24 27 13 11 16 13 12 8 2^ 11 16 13 9 13 14  11 15 17 17 16 17 24 14 16  16 26 21 14 13 477
10 6 5 7 7 4 9 8 10, 10 5 5 13 11 6 9 13 11 6 9 10 13 11 8 11 12 10 17 10 l l 14 281
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Both the terminal points and the paths of the motions' were fixed.
The time required for each of five consecutive cycles from each of the two runs 
at each of the four arrangements of the work place for each of the ten operators.
Time In thousandths of a second.
Angle Made by the Path of Each Hand With the 
Plane of the Front of the Operator's Body
25*
257
262
250
255
262
267
273
330
239
ia
$
2*8238
257
31
2*7
307
W
320
288
252
240
2*0
229
239
It?
272263
283
282
270
270
272
277
257
270
257
i?5
266
258
251
ia
2*7
252
IS
2*0
nrI327321
306301302 
278
1
1 3» 303268
278
277 $
1 331 291 283 32*
1 327 270 278 30s
1 323 27* 275 269
3 2 381 279 296 331
2 272 271 300 331
2 28* 270 333 308
2 286 279 307 328
2 277 262 297 332
¡8
355
269285294 
276
295
289
285
262
301
$
P
333
299
339
305
33
325
338
332
328
316
308
337
325
3*7
339
337
33**
332
329
1 391 353 327 3701 387 3*1 373 3701 361 353 3*8 359
1
1
38°
362 355329 I I I P
5 2 35* 319 332 388
2 3** 315 322 336
3752 33* 3!3 3*6
2 3H 296 330 3§7
2 327 305 321 36S
1 309 309 318 399
1 301 267 322
1 29? 306 321
1 27* 277 329 *19
1 270 250 325 3666 2 250 320 338 368
2 253 186 335 351
2 263 2*3 315 385
2
2
250
26l
252
253 $ 388382
1 332 335 329 2*8
1 3*5 331 313 3U
1 335 363 307 278
1 331 3*8 285 265
1 340 33* 292 287
7 2 250 273 216
2 263 2S5 2*8 2S2
2 253 24* 23* 2*3
2 235 251 2*2 232
2 308 236 2*8 223
1 3!2
3i?
1 31*
X 323
1 312
2 335
2 298
329
2 289
2 355
*20
390
375
387
375317
321
363
359
312
320
322
337
315
1)1
26*
258
270
260
301
285
290
295238
2*8
252
235
252
227
396
375
3S
352
IS
31*
327
267
273
2*3
269
292
236
2?62*5
263
2*1
355
357363
360
36*
32*
28731“
2*6
23*
227
269
235
228 
2*1 
2*3
357
361
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Discussion of the Results.— Part 2—  (Both Terminal Points and 
Paths of Motions Fixed.)
The group as a whole was able to complete a cycle in the shortest 
time when the paths of the hands each made an angle of 60 degrees 
to the plane of the front of the operator’s body. However, the 
group was composed of two distinct groups with two distinct trends. 
The four fastest operators were able to complete a cycle of motions 
in the shortest time when the paths of each hand made an angle 
of 0 degrees with the plane of their bodies, while the six slowest 
operators displayed the general group trend (optimum at 60 de­
grees). The fastest operators, however, made their second fastest 
cycles when the paths of the hands made an angle of 60 degrees 
to the plane of the front of their bodies. In both cases, the results 
are distinctly different from the results obtained when only the 
terminal points of the motions were fixed.
General Discussion Pertaining to Both Parts.—It is suggested 
that in the case of the slides, no visual direction is required to per­
form the motions and the optimum conditions are primarily de­
termined by the arm muscles of the operator, while with the pursuit 
board, the operators had to locate visually the terminal points each 
time they moved their hands. With the pursuit board, the greater 
ease and less fatigue occasioned in visually determining the loca­
tion of the two most distant terminal points in the 90 degree ar­
rangement far outweighed the possibly greater muscular ease of 
the other angles. Since most industrial tasks involve hand motions 
with only the terminal points fixed by the work place, which points 
the operator must visually locate, and since in cases such as this, 
the ease of seeing may be a more important factor than the muscu­
lar ease, it is suggested that the eye movements required in an 
industrial task should be given great consideration. At least, the 
eye-hand coordination requirements should be carefully studied to 
allow one to provide the optimum conditions for them.
Conclusions.—These conclusions apply to the operators studied 
in this experiment and for ten inch movements made simultaneously 
and symmetrically under the working conditions of this study.
Part 1— (Only Terminal Points of Motions Fixed.)
1. When the motion paths of the hands made an angle of 90 de­
grees with the plane of the front of the body the operators 
tended to miss at least 29% less cycles than at any other angle.
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2. When the motion paths of the hands made an angle of 90 de­
grees with the plane of the front of the body the operators 
showed a fatigue rate at least 39% lower than at any other angle.
3. The foregoing suggest that when the motions of the hands are 
made freely through space in a simultaneous, symmetrical fashion 
between fairly well fixed points on the work place toward which 
the operator must direct his hands, the most efficient arrange­
ment of the workplace is that which permits the operator to 
move both hands in the same direction, in such a way that the 
paths of each hand make an angle of 90 degrees with the plane 
of the front of his body. The motions of the two hands should 
be parallel, in the same direction, and along a perpendicular 
to the front of the operator’s body. I t  is further suggested that 
the visual requirements of a task of this nature are the pre­
dominating factors determining the optimum conditions.
Part 2— (Both Terminal Points and Paths of Motions Fixed.)
4. The operators, in general, were able to perform a complete cycle 
of motions most rapidly when the paths of the hands making 
the simultaneous symmetrical motions each made an angle of 
60 degrees with the plane of the front of the operator’s body. 
In  general, motions where the aforementioned angle was 90 de­
grees required 5% more time, where the angle was 30 degrees 
3% more time, and where the angle was 0 degrees 9% more 
time.
5. The operators studied could be divided into two distinct groups, 
the fastest four making their fastest cycle when the paths of 
the motions made an angle of 0 degrees with the plane of the 
front of their bodies, the 90 degree motions requiring 9% more 
time, the 60 degree motions 5% more time, and the 30 degree 
motions 8% more time. The slower group displayed the general 
group trend with the exception that the 0 degree motions were 
made unusually slow.
6. The foregoing conclusions suggest that simultaneous symmetrical 
motions of the hands where both the terminal points and the 
paths of the hands are fixed by the workplace are distinctly 
different from motions where the operator must direct his hands 
toward a fixed terminal point. I t  is suggested that, in general, 
motions of the former type should be made in such a way that 
the paths of the hands each make an angle of 60 degrees with
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the plane of the front of the operator’s body. However, fast 
operators are able to make the motions most rapidly when the 
angle involved is 0 degrees, that is, when the hands move parallel 
to the front of the operator’s body simultaneously, in opposite 
directions.
Acknowledgment.—The writers wish to express their indebted­
ness to Robert E. Box who prepared all the drawings and read the 
proof for this bulletin.
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